A doubly meandering compound channel is one in which both lower and upper channel meander. This paper examines the 3-D flood flow structures in terms of primary velocity distribution, stream-wise velocity distribution and secondary currents in a doubly meandering compound channel under dominant relative depth. The relative depth is the ratio of the depth of water over the floodplain to the total depth of water while the dominant relative depth is the relative depth at which the difference in discharge between the rising and falling stages takes the maximum value. The dominant relative depth of a doubly meandering compound channel is found to be 0.17. The primary velocity distribution under the dominant relative depth appears to be essentially the same for both rising and falling stages. The exchange of flow between main channel and floodplain results in the retardation and deviation of flow fields. The extent of retardation and the angle of deviation of the stream-wise velocity vary in the rising and falling stages. The maximum retardation occurs in the cross-over section at the floodplain level for both rising and falling stages. The maximum deviation occurs at the bend apex section for both rising and falling stages. The magnitude of the secondary current under dominant relative depth can be as high as 30% of the bulk velocity. The evolution and decay processes of secondary currents during rising and falling stages are essentially the same but only differ in strength.
Introduction
A natural meander river is usually composed of a deep main channel and adjacent shallow floodplains. Such compound channels offer advantages mainly that of ensuring reasonable depth at low flows, while the floodplains give storage for floods during high flows. This is why a two-stage channel or compound channel is proposed as a design cross-section to retain large parts of the natural environment unchanged. When the main meander channel is flanked by floodplains with meandering levee, it results in a doubly meandering compound channel. The surrounding lands of the floodplain might compel one to construct meandering levees. In addition, the alignment of the meandering levees might be of special interest as far as maintenance of the channel is concerned. 
Experimental Setup and Measurement
The experiments were conducted in a tilting flume whose length, width and depth are 30m, 1.5m and 1m, respectively. The flume, constructed with vinyl chloride, was mounted on 2 m wide steel channel structures. Fig. 1 shows the general layout of the experimental channel. The longitudinal gradient of the channel is adjustable with a jack and hinge and can be varied up to 5%. The channel consists of a main channel flanked by meandering levees on both sides of the main channel. The outer levee which has the same sinuosity as that of main meander channel has a phase difference of about 300 ahead of main channel. The meanders are expressed as combinations of arcs and straight reaches. The flume consists of nine consecutive meandering waves with straight approach channels at the beginning and end of the meandering part of the channel. The bed of the main channel and floodplains is smooth. The width and depth of the main channel are 300 mm and 50mm, respectively. The angle of arc is 600 with a sinuosity of 1.05. As the main channel meander is regular, the flow field is considered to be the same at positions in phase after the flow is fully developed. Thus the measuring reach has been selected at a distance of about 15m from the beginning of the meander channel so as to ensure fully developed flow condition. The velocity in five sections has been measured in the meander reach covering half of the meander wave (Fig. 3 ). Sections 1 and 5 are bend apex sections while section 3 is the cross-over section. The measuring grid in the transverse direction was kept fine at the interface and coarse far from the interface. The transverse grid spacing in the main channel is 1cm from the interface which is followed by 2cm and 4cm until the centerline of the section. The transverse grid spacing in the floodplains is 3cm from the interface which is followed by 8cm.
The grid spacing in the vertical direction is 1cm from the main channel bed up to 3cm and then followed by 2cm. The sectional view of the measuring grid is shown in Fig. 4 . In this study, the following parameter has been used to express the unsteadiness:
where•@ represents the curvature of the hydrograph near the origin of time, g is the gravitational acceleration, i is the longitudinal bed slope of the channel. The physical significance of the parameter is that it relates vertical acceleration of water level to the gravitational acceleration. In this study, the above parameter as expressed by Eq. (3) has been used to express the unsteadiness. hydrographs. It is seen that the peak of discharge is followed by the peak of water depth. This is attributed to the fact that discharge data corresponds to the one as measured by the electromagnetic flow meter installed in the delivery pipe. It is also seen that the rate of rise of water level is faster in the initial stage than that of discharge while the rate of fall of water level is slower than that of discharge. This can be attributed to the cross-sectional shape of the channel. Table 2 shows the magnitude of the stream-wise velocity and the angle of deviation at right bank for dominant relative depth during rising and falling stages and for the bend apex (section 1) and cross-over (section 3) sections at depths of 5 cm and 1 cm which correspond to floodplain level and near channel bed, respectively. The maximum deviation occurs at the bend apex section for both rising and falling stages.
The magnitude of the secondary current under dominant relative depth can be as high as 30% of the bulk velocity. In the bend apex section, the secondary flow is dominated by the horizontal velocity component while that in the cross-over section is dominated by the vertical velocity component. The evolution and decay processes of secondary currents during rising and falling stages are essentially the same but differ in strength.
